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[September-December the silk lines of araneid webs. They conclude that the moth gains protection by the association. In this paper I describe the association between larvae of the noctuid moth Neopalthis madates Druce and the colonial spider Anelosimus eximius Simon. In addition, three other instances of associations between lepidopteran larvae and web-building spiders are briefly reported. These involve the araneid Cyrtophora nyrnpha Simon, an undetermined diplurid and an undetermined social theridiid in Papua New Guinea. The relationship between Neopalthis larvae and A. eximius is a symbiosis that primarily involves scavenging but may occasionally involve the loss to the spider of usable food resources. Thus the symbiosis is probably commensal for the most part but sometimes (or potentially) deleterious. The terminology of symbioses for such "borderline" cases is in a currently unsatisfactory state.
The nature of the symbiosis can only be understood if some details of the biology of Anelosimus eximius are given. There have been a number of notes on aspects of the biology of this species (e.g., Levi, 1955; Brach, 1975) and it is currently under study at the Smithsonian Tropical Research Institute (by Dr. F. Vollrath). The following notes are based on my own studies and those of Vollrath (pers. comm.) . Anelosimus eximius webs are built and occupied by a variable number of spiders, from less than a hundred to at least several thousand. They may persist in one place for many years. One on Barro Colorado Island, Canal Zone, was in the same tree from 1965 to 197 1. Colonies may reach striking proportions, occupying many cubic meters of space. Essentially all webs have a simple basic structure. The lower web consists of a continuous sheet of silk that is concave and often basin-like, being raised at its periphery. Above this and partly attached to it is an aerial snare of threads that are preponderantly oriented more or less perpendicular to the sheet. This is the part that is the effective prey-capture structure. The spiders attack prey within the aerial snare and on the basal sheet. Since the basic web is persistent for long periods, it acquires a litter of plant debris and prey remains. (In captivity the spiders seem to indulge in occasional web-cleaning bouts and carry prey remains to the edge of the web where they are tipped out.) I found the first caterpillars in an Anelosimus colony in January 1976. A small colony of less than one hundred individuals was collected from Cerro Galera, Canal Zone, Panama, and taken into the laboratory for behavioral studies. The collection was made by bagging the entire colony on the branch of a tree and then cutting off the branch. This was then set up in a cage. The colony was thus collected intact and complete with all spiders, debris, and inquilines. After some period of observations on the spiders, the caterpillars were seen. There appeared to be several of these; at least two were seen at one time, and eventually four pupae were recovered from the web. When not actively feeding, the caterpillars rested beneath the plant debris in the web or stretched out in sticklike postures. Feeding on insect remains was seen both by day and by night. Movement within the web seemed to be purposively towards prey remains rather than exploratory, but this proved difficult to quantify since the caterpillars had to weave their bodies in and out of the maze-like strands of the snare. In an attempt to investigate the possible cues used by the caterpillars in finding their food, I excised a section of the web away from a spider aggregation and put two caterpillars in this. (Cutting sections of spider web is easy, a hot soldering iron or glowing tip of a lighted cigarette cuts the silk with little pressure.) In this spider-free web I placed a freshly killed tettigoniid (Orthoptera) of about 100 mg weight. The caterpillars made no immediate move towards the katydid, but some hours later both were feeding on it and one was almost inside the body of the dead insect. Figure 1 shows a caterpillar in action. Clearly the caterpillars could feed on an entire insect as well as on exoskeletal fragments. They may well do this in the natural situation. Both caterpillars pupated the morning following this massive meal and this ended the investigation. Caterpillars have been found in other Anelosimus eximius colonies by me and by F. Vollrath (pers. comm.). Vollrath raised Neopalthis madates from his caterpillars and also another moth species that was clearly not a noctuid. This species has not been determined. It is entirely possible that still other species of lepidoptera could be involved in this kind of symbiosis with Anelosimus eximius; this matter is discussed later. Further investigation of the relationship awaits a situation where infested colonies are abundant and can be subjected t o traumatic or destructive experimentation. The theridiid has not yet been determined and its relationship to the Neotropical Anelosimus eximius is thus unknown. Despite this, it is reasonable to assume that the symbiotic caterpillars represent a case of convergent evolution. I would guess that they were not noctuid caterpillars, but none were collected.
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In Panama a web of the araneid spider Cyrtophora nympha Simor, collected in July 1976 on the Navy Pipeline Road, Gamboa, Canal Zone, contained a single caterpillar moving about in the web in the same way as the larvae in the Anelosimus colonies. This was collected together with the web and the host. The caterpillar is shown in Figure 2 . It disappeared without trace.
Finally, F. Vollrath reports (pers. comm.) that he found a caterpillar living in the web of a diplurid and feeding on prey remains; it also apparently fed on the web silk, where it made "dime-sized holes." Neither the diplurid nor the moth have been determined.
S o far all the associations between lepidopteran larvae and spiders occur where the hosts build webs that persist for long periods at the same site. This is certainly true of Stegodyphus and Anelosimus colonies and also true of Cyrtophora nympha. The webs of the latter are presumably high investment structures like those of C. moluccensis (see Lubin, 1973 Lubin, , 1974 ; they are solitary and become littered with leaves and debris and often look defunct. An indication of the persistence of C. nympha webs is given by the fact that colonies of Uloborus republicanus often establish themselves in the upper snare (personal observations). In Panama, ground-living diplurids build their sheet webs at one site for long periods and have a wide range of arthropod commensals, kleptoparasites and other symbionts (Vollrath, Kirkendall, pers. comm.) . The correlation between persistent webs, or persistent utilization of web sites, and the occurrence of lepidopteran symb i o n t~ suggests that the webs of other perennial (or long-term) web-site occupiers should be examined for caterpillar cohabitants. The various gregarious Cyrtophora species are clear candidates for such studies.
Another factor is necessary to provide a niche (within a web) for scavenging cohabitants: clearly there must be an accumulation of prey-remains. If prey-remains were rapidly ejected from the web, there would be no resource for a scavenger to exploit; kleptoparasitism or commensalism would be the only feeding niches available to symbionts.
